Turkish Journal of Veterinary & Animal Sciences
Volume 37

Number 4

Article 6

1-1-2013

The effect of flashed light on the ultrastructure of the retinal
photoreceptor cells in rabbit: a transmission electron microscope
study
ARASH ESFANDIARI
IRAJ POSTI
ASGHAR DEHGHAN
NASSER HADJIPOUR

Follow this and additional works at: https://journals.tubitak.gov.tr/veterinary
Part of the Animal Sciences Commons, and the Veterinary Medicine Commons

Recommended Citation
ESFANDIARI, ARASH; POSTI, IRAJ; DEHGHAN, ASGHAR; and HADJIPOUR, NASSER (2013) "The effect of
flashed light on the ultrastructure of the retinal photoreceptor cells in rabbit: a transmission electron
microscope study," Turkish Journal of Veterinary & Animal Sciences: Vol. 37: No. 4, Article 6.
https://doi.org/10.3906/vet-1109-19
Available at: https://journals.tubitak.gov.tr/veterinary/vol37/iss4/6

This Article is brought to you for free and open access by TÜBİTAK Academic Journals. It has been accepted for
inclusion in Turkish Journal of Veterinary & Animal Sciences by an authorized editor of TÜBİTAK Academic
Journals. For more information, please contact academic.publications@tubitak.gov.tr.

Turkish Journal of Veterinary and Animal Sciences
http://journals.tubitak.gov.tr/veterinary/

Research Article

Turk J Vet Anim Sci
(2013) 37: 404-407
© TÜBİTAK
doi:10.3906/vet-1109-19

The effect of flashed light on the ultrastructure of the retinal photoreceptor cells in
rabbit: a transmission electron microscope study
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Abstract: The effects of light exposure on the retina have been carefully considered in recent years. The purpose of the current study
was to investigate the effect of flashed light with low and high intensity on the photoreceptor layer of rabbit. Fifteen adult male New
Zealand White rabbits were randomly divided into 3 groups: a control group, experimental group I (exposed to 60 W of flashed light
5 times), and experimental group II (exposed to 1000 W of flashed light 5 times). The retinas of the eyes were removed and studied by
transmission electron microscope. The photoreceptor layer damage in experimental group II contained outer segment loss, vacuolated
and disorganized mitochondria, vacuolization, cell swelling, and pyknotic, karyorrhexis, and karyolytic nuclei. The results suggested
that high-intensity flashed light (1000 W) caused more photoreceptor layer damage than low-intensity light (60 W).
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1. Introduction
It has been reported that exposure of rabbits to bright
light with different intensities causes damage to the
photoreceptor layers in the retina (1). In addition, earlier
reports by Organisciak et al. (2) suggested that retinal
light damage occurs in rats exposed to intermittent light.
Further works have suggested that different animals might
be injured by various continuous and intermittent light
levels (3–9).
Retinal light damage in rats has been shown to be
rhodopsin-mediated and a function of retinal irradiance,
wave length, and duration of exposure (5,10). In addition,
the sensitivity of the retina to light damage varies among
species (4,11). The mechanism of the light damage is
complicated and closely related to light history (12),
nutritional state (10,13,14), genetic factors (7,15), age (16),
and temperature (17,18).
The aim of the present study was to investigate the
effect of flashed light with low and high intensity on the
ultrastructure of the photoreceptor layer of the retina
using a transmission electron microscope.
2. Materials and methods
Fifteen male New Zealand White rabbits were obtained
from the animal house of Islamic Azad University,
* Correspondence: esfandiari.arash@gmail.com
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Kazerun Branch, Kazerun, Iran. The animals were allowed
to adapted to the new environment for 2 weeks before
the experiments commenced. The rabbits were randomly
divided into 3 groups of 5 each: the control group (CON),
experimental group I (EXP-I), and experimental group II
(EXP-II).
The animals in the CON group were maintained in
environmental conditions without exposure to flashed
light, with 12 h/12 h light–dark cycles at an average
illumination of 120 lx). The rabbits in the EXP-I and EXPII groups were exposed to 60 W and 1000 W of flashed
light 5 times, respectively. All animals in the experimental
groups were allowed to adapt to the dark for 48 h before
the flashed light treatment. The intensity of the light as
measured by a power meter was 300 lux in EXP-I and 4500
lux in EXP-II. The bulbs were mounted vertically in each
box (dimensions 1200 × 1200 × 1200 mm), which stood
700 mm above the floor.
The histological damage due to flashed light was
evaluated using a transmission electron microscope.
After enucleation of the eye, the cornea, lens, and
vitreous body were removed, and the eyes were placed
in 4% glutaraldehyde fixative for 4 h. The retina was
separated near the optic disc and processed for viewing
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under transmission electron microscope. Thin sections
were obtained and examined under a Philips CM-10
transmission electron microscope (Philips, Eindhoven,
the Netherlands).
Laboratory care of the animals used in this study was
performed in accordance with the Guide for the Care and
Use of Laboratory Animals (19).
3. Results
The photoreceptor layer of an eye contains the rod and
cone cells. The rod and cone outer segments consist of
stacks of discs surrounded by the cell membrane. The inner
segments contain several round to oval mitochondria,
rough endoplasmic reticulum, and glycogen particles. The
outer nuclear layer consists of the perikarya of the rods and
cones. Cone nuclei are located nearest to the outer limiting
membrane (Figure 1). In our examination, the outer
limiting membrane appeared normal and was formed by
zonula adherens. The nuclei were round to oval-shaped.
The high-intensity flashed light clearly damaged the
photoreceptor layer. The light-damaged photoreceptor
layer was identified by loss of outer segments, vacuolated
and disorganized mitochondrial crista, cell swelling in the
inner segment, and pyknotic, karyorrhexis, and karyolytic
nuclei in the outer nuclear layer.

Figure 2. Micrograph of the photoreceptor layer in the lowintensity flashed light group. OS = outer segment, IS = inner
segment, mitochondria (arrows), rough endoplasmic reticulum
(arrowheads), OLM = outer limiting membrane (thin arrow),
and ONL = outer nuclear layer (2950×).

The photoreceptor layers of the rabbits exposed to lowintensity flashed light with a 60 W bulb appeared normal
(Figure 2). However, the animals exposed to high-intensity
flashed light with a 1000 W bulb had major signs of
damage. In the EXP-II group, a loss of outer segments and
vacuolated and disorganized outer segments were obvious
(Figure 3). Disorganization and loss of mitochondrial
crista, extreme vacuolization, and cell swelling were
evident in the inner segment (Figure 3). The outer limiting
membrane appeared normal. In this group, pyknotic,
karyorrhexis, and karyolytic nuclei were seen in the outer
nuclear layer (Figure 3).

Figure 1. Micrograph of the photoreceptor layer in the control
group. c = cone outer segment, r = rod outer segment, OS = outer
segment, IS = inner segment, mitochondrium (arrow), glycogen
(circles), rough endoplasmic reticulum (arrowhead), OLM =
outer limiting membrane (thin arrow), ONL = outer nuclear
layer, CN = cone nuclei, and RN = rod nuclei (2950×).

4. Discussion
In the EXP-II group, the results showed that the outer
segments of the photoreceptor layer were disorganized
and lost. Coordinated phagocytosis of outer segment
shedding by the retinal pigmented epithelium is necessary
for maintenance of normal retinal function. New discs
are constantly generated at the basal end of the outer
segment and old discs are shed from the apical end of the
outer segment, where they are digested by the phagocytic
retinal pigmented epithelium. Outer segment shedding is
impaired and may be spawned by photogenerated radicals
due to oxidative modifications (20,21), suggesting that light
damage triggers outer segment phagocytosis by the retinal
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Figure 3. Micrograph of the photoreceptor layer in the highintensity flashed light group. c = cone outer segment, r = rod outer
segment, OS = outer segment, VOS = vacuolated outer segment,
loss of outer segment (asterisk), IS = inner segment, CS = cell
swelling, abnormal mitochondria which lost crista (arrows),
vacuole (arrowhead), OLM = outer limiting membrane (thin
arrow), ONL = outer nuclear layer, KL = karyolytic, pyknotic
nuclei (thick arrows), and karyorrhexis (waved arrow) (2200×).

pigmented epithelium (21). Therefore, it is reasonable
to hypothesize that disorganization and loss of the outer
segment may occur in the retina, and that phospholipid
peroxidation products may serve as signaling molecules
for retinal pigmented epithelium phagocytosis (22). These
findings agree with those of Organisciak et al. (2) and
Esfandiari et al. (1). Our observation in the EXP-II group
indicated that damage including vacuolization, loss of
mitochondrial crista, and cell swelling had occurred in the
inner segment. In fact, vacuoles are a common response to
damage in cells. Furthermore, cell swelling is recognized as
vacuolization and decreased specific gravity. This suggests
that mitochondrial crista were lost and decreased oxidative
phosphorylation and ATP occurred. In addition, ATP
deficiency impairs Na–K pumps; therefore, Na and H2O
move into the cells and cell swelling may occur. Pyknotic
and karyolytic nuclei resulted in damage to photoreceptor
cells. These results are consistent with those of Esfandiari
et al. (1) and White and Fisher (7).
In conclusion, the present results demonstrate that
high-intensity flashed light not only has a notable effect
on the retinal photoreceptor, but also damages this layer.
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